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Report Focus: 

 

Bioacoustic monitoring has become more accessible with the appearance of low-cost “micro” 
recording units and large-scale, data-analysis tools. Also, many robust older devices remain viable 
and in service. This product testing and report examines relative performance on detection radius 
and percent capture of three devices currently employed in research: the Sound Cache, an older 
unit; the Song Meter 4, a high-end, industry-standard unit; and the AudioMoth, a low-cost micro-
recorder. Under real-world testing conditions, devices show similar performance with slight 
differences. AudioMoth, performed slightly worse across all distances, possibly due to more artificial 
noise in recordings and its single microphone configuration. Sound Cache, the older unit, performed 
slightly better than AudioMoth over the full range, however it could not detect stimuli at the same 
distances as Song Meter 4. I also examined how far the stimuli used (tones and calls) travelled. 
Species-specific acoustic characteristics like high-frequency sounds; buzzy, broadband signals; and 
similarity to background noise reduced detection distance for all devices. In some cases, acoustic 
characteristics of a target species can be more impactful on data collection than overall performance 
of any one device. In the discussion, I provide practical advice based on real-world testing for 
acoustic monitoring program design and device selection. This report is targeted towards those: 
purchasing devices for new acoustic monitoring installations, planning transitions or upgrades to 
their current device library, interested in relative device performance, or wanting a testing 
methodology to understand the efficacy and coverage of their own installations. 

INSERT PHOTO 
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BACKGROUND 
In three decades, bioacoustic devices have become affordable, user-friendly, and portable, thus opening 

their use to more diverse research applications (Figure 1). Compare the $14,000USD high-speed tape 
recorders of the late 1990’s (British Columbia Ministry of Environment, Lands & Parks 1998) to $90-$999USD 
range of autonomous recording units (ARUs) with high sampling frequencies in 2022 (Open Acoustic Devices 
2020a, Peersonic 2017a, Titley Scientific 2022a, Wildlife Acoustics 2022a, etc.) Reduced ARU cost is due to 
wide adoption of other recording technologies (e.g. cameras, phones, headphones with in-built microphones, 
conference speakers, tablets, etc.), and new competitors to the ARU market. Also, many devices can be 
programmed for independent operations (“autonomous recording”) reducing field time and costs. 

ARUs have made advancements in portability for remote projects in under-studied areas. Some 
manufacturers have introduced “micro” recorders that use miniaturized microphones (Micro-
electromechanical System, “MEMS”-type or similar, see Figure 3). Choosing pinpoint microphones over larger 
counterparts can vastly reduce ARU size. Many micro recorders fit in the palm of one’s hand (41.8 cm3 and 
80g with batteries for AudioMoth, Hill et al. 2017; 220.6 cm3 and 195g with batteries for Song Meter Micro, 
Wildlife Acoustics 2022b). Added functionality and reduced size make large-scale, modern monitoring 
systems more easily accomplished (e.g. Mennill et al. 2012). 

Hardware improvement coincided with new 
software tools (Figure 2) for batch processing 
large datasets (e.g. filtering and event detection, 
Cornell Lab of Ornithology 2022a, Titley Scientific 
2020a; trainable recognizers and acoustic 
characteristics analysis, Araya-Salas & Smith-
Vidaurre 2021, Rainforest Connection 2022, 
Wildlife Acoustics 2022c; bat auto-identification, 
Sonobat 2022; Wildlife Acoustics 2022c) and 
improved user interfaces (e.g. in-device schedule 
presets, Titley Scientific 2020b, Wildlife Acoustics 
2021; desktop configuration tools, Open Acoustic 
Devices 2020b, Wildlife Acoustics 2021; and 
mobile applications for device interface, Open 
Acoustic Devices 2020c, Wildlife Acoustics 
2022b). With reduced equipment and time 
costing, new researchers are adopting ARUs 
while existing users are expanding programs. 

1920 1970 1980 1990 2000 2010 2020 1930 1940 1950 1960 

First Cornell bird recording using a rig that required a truck or mule-wagon to move. 

Post WWII, German portable magnetic tape recording becomes more widespread. 

Bat “point-counting” becomes possible with analogue high-speed recordings. 

Titley begins commercially making analogue bat detectors and zero-crossing software. 

Digital wildlife ARUs with long-term capture capabilities emerge for US and audible range (WA's SC in 2007). 

More groups release spectrogram analysis software and large dataset processing tools. 

First commercial micro recorders for wildlife appear (UAD’s AM in 2017 and successor µmoth, and WA's SMmicro). 

Figure 1. Brief Wildlife Recording History 

Figure 2. Software Examples for Processing Large 

Wildlife Recording Datasets 
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With growing interest, some literature provides field testing on device efficacy in specific use-cases (e.g. 
species-at-risk monitoring using SM4, Duchac et al. 2020; detection of poaching gunfire using AudioMoth, Hill 
et al. 2017) or for comparison to other methodologies (e.g. ARUs versus remote imaging, Cruchant et al. 
2020, Orben et al. 2019; ARUs versus human point counts, Shonfield & Bayne 2017, Darras et al. 2019). 
Fewer papers experimentally compare multiple devices (Barber-Meyer et al. 2020; MacLaren et al. 2018; 
Teets, Loeb, & Jachowski 2019). Previous multi-device comparisons occurred at historical transitions from 
analog to digital bat monitoring (Milne et al. 2004) and as comparisons of early digital bat recorders (Adams 
et al. 2012; Kaiser & O’Keefe 2015). New low-cost micro recorders (e.g. AudioMoth, Open Acoustic Devices 
introduced in 2017; SongMeter Micro, Wildlife Acoustics introduced in 2020) are being adopted, while decade
-old robust digital recorders are still in use. With the introduction of micro recorders, data cross-comparing 
device classes to optimize capture and efficacy of acoustic monitoring programs is valuable. 

Some device manufacturers provide 
controlled-condition metrics like signal-to-noise-
ratio (SNR) or microphone and device sensitivity. 
SNR refers to how loud the signal of interest is 
compared to noise in the recording (i.e. how clear 
are recordings of the target species). When SNR 
is reported from quiet-room testing, noise often 
represents artificial static from the device’s 
electronics. Sensitivity refers to how well sound is 
captured across all frequencies a microphone or 
device is designed to capture (i.e. are the 
frequencies in a target species’ call captured and 
is one species’ frequencies more likely captured 
than another). Wildlife Acoustics provides 
combined sensitivity and SNR testing data across 
the frequency spectrum for all their devices (e.g. 
Wildlife Acoustics 2022b). Open Acoustic Devices 
give a cross-device comparison of SNR between 
AudioMoth (AM) and the widely-used Song Meter 
2 (“SM2”, c.2009-2013). This test indicates a 
similar but slightly poorer performance by the AM 
(Open Acoustic Devices 2020d) on a single 
testing frequency (1kHz tone). Acoustic metrics 
are helpful when available, however there is no 
consensus on which metrics are provided (see 
Table 1). Metrics captured under controlled 
testing conditions may be narrow (e.g. single-tone 
tests) and may not reflect real-world use (e.g. no 
testing on complex sounds or with ambient noise). 
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Device Sampling Rates ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Dynamic Range (dB)       ✓ 

Gain adjustment (dB)   ✓    ✓ 

Mic Calibration Testing Tool       ✓ 

Mic Directionality ✓ ✓ ✓   ✓ ✓ 

Mic Frequency Response (Hz) ✓ ✓ ✓  ✓ ✓ ✓ 

Mic Pre-amp gain (dB)   ✓    ✓ 

Mic Sensitivity (dB) ✓ ✓     ✓ 

Recording Samples Available ✓   ✓ ✓  ✓ 

Sensitivity and Noise by Frequency        ✓ 

Signal to Noise Ratio ✓   ✓   ✓ 

Test Comparison between Models       ✓ 

Test Comparison to Competitor    ✓    

Table 1. Acoustic Metrics given by a sampling of wildlife 

recording manufacturers. 

Figure 3. Approximate Diameter Differences of Sound Input Aperture for Tested Devices 
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Conversely, signal radius describes the distance 
which a signal travels from a signaller before it is fully 
attenuated by the environment (Figure 5). It is important 
to consider signal and detection radius simultaneously. If 
a signal is silenced before reaching a device (signal 
radius), it cannot rigorously test detection radii. 
Regardless of device quality, absent signals cannot be 
detected. If a target species’ signal radius is more limited 
than a device’s detection radius, then the signal 
characteristics of the target species will define device 
placement. As with detection radius, signal radius can 
vary and is an approximation not a fixed distance. In this 
report, signal radius approximates distance the signal 
travels before a significant drop off in capture by all 
recording units. When comparing a variety of signals, I 
expect some acoustic characteristics will reduce capture 
of a target. 

INTRODUCTION 
Here, I provide field comparisons between devices. I selected relative performance metrics not reported 

by manufacturers: number of stimuli captured (percent capture), types of acoustic features best captured 
(multi-stimuli testing), and area covered by each device (detection radius). 

In this report, detection radius approximates how far a 
signaller can be from a microphone before the signal is too 
quiet to be recorded by the device over the ambient or 
artificially electronic noise (Figure 4). Absolute detection 
radius is not possible to measure as the ability of a 
receiver (device or human) to detect a signal can vary over 
time, space, and with the behaviour of the signalling 
species. Characteristics of a signal can change between 
habitats (Hardt & Benedict 2020), diurnally or seasonally 
(Hardt & Benedict 2020), over varied ground substrates 
(International Organization for Standardization 1996), with 
ambient noise (Goodwin & Podos 2013; Hanna et al. 
2011), etc. Here, I review relative performance of receivers 
under identical conditions. If there’s a difference in 
detection radius, I expect a divergence in number of stimuli 
captured over distance by device type. 

The goal of this report is to understand relative performance and provide practical suggestions to re-
searchers to optimize device purchase and placement for their specific data acquisition goals. There is  no 
one-size-fits-all device as project constraints vary widely. Instead, I review questions that are common when 
planning for acoustic monitoring:  

 

1. How do industry-standard and low-cost micro recorders compare in their ability to capture 
species?  

2. How do more recently manufactured devices compare to older devices?  

3. Are recording differences attributable to physical differences in recorder types (e.g. one ver-
sus two microphones)?  

4. Do species-specific factors like signal-radius have a larger effect on device placement than 
recorder performance?  

MIC 

X Not Detected: 

signal may reach 

device but doesn’t 

exceed minimum 

sensitivity (dB) of 

device or 

microphone 

Detected ✓ 

X Silence, 

signal fully 

attenuated by 

environment  

Figure 4. Detection Radius Definition 

Figure 5. Signal Radius Definition 

✓ Signal  
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Testing 

Methodology 

Experiment preparation 

I sourced the following devices: Sound Cache (hereafter “SC”, 
Wildlife Acoustics c.2007, n=2), SongMeter 4 (“SM4”, Wildlife Acoustics 
c.2016, n=3) and AudioMoth (“AM”, Open Acoustic Devices c.2017, n=5) 
devices (Figure 6). SongMeter Mini (March 2020) and the Titley Scientific 
Chorus (September 2021) were released after this experiment was 
completed (October 2018) and were not tested. These devices represent a 
middling price ($499.00USD) with similar microphones to SM4 and Titley 
Swift respectively (Titley Scientific 2022a, Wildlife Acoustics 2022a). 

 Devices were categorized. SC, the first song meter (i.e. SM1), 
represents older devices. SC was released in 2007, a decade before SM4 
(2016) and AM (2017). AM represents low-cost micro-recorders. At time of 
writing, AM cost $94USD where SM4 cost $899USD (Open Acoustic 
Devices 2020a, Wildlife Acoustics 2022a). SM4 represents “industry 
standard” as the current model in a line of ARUs widely employed by 
researchers (Pérez-Granados & Traba 2021). 

 Note, in 2017 AM recorders were shipped without standardized 
housing. For this experiment, AM devices were placed in 10cm x 6.7cm x 
4.8cm waterproof housing. A foam insert lifted AM to <0.5cm of the lid 
where a 0.5cm diameter hole was drilled in alignment with the microphone. 
A water-resistant acoustic membrane, typically used for minimal sound 
impedance waterproofing of mobile phones, was applied to the hole.  

 Device settings were adjusted to match where possible. 
Standardized settings include: sampling rate of 48kHz to 16-bit WAV files 
as these options were available across all devices. Gain was set to factory 
settings as there was no standardization in the gain metrics, i.e. SC and 
SM4 use dB gain, while AM uses “high, med., low” settings. All additional 
features were turned off (eg. high-pass filter, battery cut-off, etc.). The dual-
channel recorders (SC and SM4) recorded with both microphones, a 
common field configuration. 

Playback Design and Survey 

 The sound file played back to devices included 11 stimuli: 4 abiotic sounds (1khz tone, 5khz tone, 
10kHz tone, and broadband white noise) and 7 biotic sounds (western toad, northern leopard frog, Canadian 
toad, common nighthawk, bobolink, olive-sided flycatcher, and Canada warbler). Figure 8 shows recorded 
spectrogram examples of this playback. The abiotic stimuli represent simplified comparisons of frequencies 
found in sonnations from birds, frogs, and insects (i.e. audible range sound) and varied frequency modulation 
of the signal (i.e. a spectrum from narrow-frequency tonal whistles to broad-frequency noisy buzzes). The 
vocalizations chosen represent a diversity of vocalization characteristics (e.g. frequency, tonality/modulation, 
timing, complexity of components) and the taxa that are typically the focus of audible range ARU surveys 
(Anurans, Aves). These biotic stimuli are sensitive species in Western Canada. These tests may provide 
specific information relevant to research targeting these species, however the variety of acoustic 
characteristics tested should be broadly applicable. This playback design is similar to others testing 
transmission and reception of signals in audible range (Koper et al. 2016; MacLaren et al. 2018). The latter 
paper was published after playback surveys were complete but shows consistent methodology. 

This study focused on audible range (20Hz-20kHz). Some of the devices tested allow for high 
sampling frequency (e.g. AM), or have counterparts that do (e.g. SM4BATFS). Testing ultrasound and audible 
sound simultaneously would have added multiple playbacks and more device models, complexifying this 
report. Ultrasound is best discussed separately. For those interested in high-frequency signals, see 
performance on the 10kHz stimuli.  

Sound Cache– Older 

AudioMoth– Low-cost Micro 

SongMeter4– Standard 

Figure 6. Photos of Device Types 
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Playback Design and Survey cont.  

I created abiotic sounds with the tone generator in Audacity 2.1.3 (Audacity Team 2017). Biotic 
sounds were gathered from online sources (Nafis 2021, Xeno-canto Foundation 2022). Except for olive-sided 
flycatcher and western toad, all species were clipped to the length of a single vocalization using Audacity. 
Olive-sided flycatcher and western toad vocalizations were clipped to approximately 5 seconds of recording 
since a single vocalization from these species is much shorter than other stimuli and unusual in the wild. 
Unnatural brevity may have artificially reduced their detectability. Since research on natural vocal amplitude is 
unavailable, all stimuli were amplified digitally to standardize peak amplitude. Abiotic and biotic stimuli were 
arranged into a playback series with 2s silence between each stimuli (Figure 8). 

Playbacks were completed at public-access wetlands in the City of Calgary, with permission of the 
municipality. I completed these playback surveys in October 2018, at this time vegetation was still in place 
and negative behavioural response from stimuli species was unlikely. 

I selected six wetland sites with a mix of vegetation (trees, woody shrub, grasses, etc.) and open 
shoreline. All wetlands chosen had a large circumference allowing for playbacks at a variety of distances 
between 1-350m, and angles 0-130.֯Wetlands varied in overall shape and anthropogenic ambient noise. 
These sites were chosen to represent typical target sites for ARU recording, with good potential habitat for 
species vocalizing in the audible range (birds, frogs, insects) from known sites previously targeted for 
biodiversity surveys (Lee et al. 2021, Lee et al. 2022). 

On five wood stakes, I randomly paired an AM (n=5) with a SC (n=2) or SM4 (n=3). The posts were 
driven into the ground in a line parallel with the shore (Figure 7a). Position on post (top or bottom) and 
position within the line were randomly shuffled for each wetland (Figure 7b). Multiple playbacks were 
performed at each wetland (Figure 7c).  

At each wetland, peak amplitude of the playback speaker (FoxPro Scorpion) was calibrated to 85dBC 
using an SPL meter. Recording was initiated with a verbal note to synchronize devices. I held the speaker at 
chest height 1m from the devices and proceed with the first playback. I paced 30-40 paces around the edge 
of the wetland, faced the devices, and performed the second playback. This was repeated for the full 
perimeter of the wetland. 

At the devices and at each playback site a GPS location was noted (orange target and green pins 
respectively, Figure 7c). Distance was measured as a straight-line from the recorders’ location to the 
playback location (blue line, Figure 7c). Angle was measured from a perpendicular line to the shore (yellow 
line, Figure7c). 

Figure 7. Playback Setup Photos and Example of Playback Locations 

Distance 

Angle 

A 

B 

C 
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Acoustic Analysis 

 

Recordings were reviewed in random order within Audacity 2.1.3 (Audacity Team 2017). A stimulus 
was considered captured if it was visually present in the spectrogram or audibly present in the recording. I 
made no judgment on the quality of recording. See Figure 8 as a visual example of recording quality with 
playback at 111m for all device types.  

Statistical Analysis  

Attempting simultaneous recording on varied ARU types and ages resulted in some units dropping out 
during testing. For all wetlands, I created average of binary detections (1=detected, 0=not detected) for each 
device type to overcome drop-outs and variable numbers of devices of each type. To pair the devices for 
comparison, I subtracted the average of one device type to the compared device for each playback.  

I reviewed averaged difference in capture over distance to examine relative detection radius (slope) or 
overall capture (intercept) for every site where 2 or more device types recorded. A significant slope would in-
dicate a difference in detection by device type affected by distance. The direction of a significant slope would 
show which device is outperforming. When slope is zero or non-significant the intercept and general distribu-
tion of points around the zero-line indicate which device is underperforming. 

For detection radius, I completed three paired linear regressions comparing: AM minus SM4, SM1 mi-
nus SM4, and AM minus SM1 detections. The first represents a comparison of low-cost to industry standard 
devices and the second compares older to newer models. The third comparison was combined with 3 linear 
regressions of detections by playback angle to determine if performance gaps could be attributed to physical 
configuration of the devices (ie. single- vs two-microphone recording). All regressions were completed using 
R (The R Foundation 2020) with GGPlot2 (Wickham 2016).  

For percent capture of each device type by stimulus, I selected only data where all three device types 
were recording. Grouping data by unit type and stimuli type using R packages tidyr (Wickham 2020) and dplyr 
(Wickham et al. 2021), I summarized percent capture by using mean of the binary values multiplied by 100%. 

For relative signal radius, all playback distances were binned into 10m increments. Percent detected 
by all devices combined was plotted for each stimulus on a graph of binned distances using GGPlot2 
(Wickham 2016). To these plots, I applied the iterative piecewise regression described by Crawley (2013) to 
find the breakpoint where all device detections sharply declined. This showed which acoustic factors, exclud-
ing standardized amplitude, contributed to relatively long or short signal radii. The shortest signal radii was 
compared to the shortest detection radius of the tested devices. 

Figure 8. Spectrogram 

samples of the same 

playback on each of the 

devices. This playback was 

placed at 111m away from 

devices. Spectrograms are 

gleaned from Audacity, with 

all settings held the same. 

The axes were edited for 

clarity. Other than cropping 

and scaling for direct 

comparison, no photo editing 

was executed on the images 

of the spectrogram to 

improve image quality.  
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Results 

Table 2 shows the percent capture on all playbacks 
where all three device types were recording. All devices 
performed well on the 1kHz tone, a stimuli commonly used 
in controlled testing metrics like SNR (e.g. Open Acoustic 
Devices 2020d, Wildlife Acoustics 2022d). All devices 
showed worst performed for 10kHz tones, broadband white 
noise, western toad, and northern leopard frog. Relative 
performance on challenging recording tasks like these 
would not be apparent in controlled testing. What follows 
are the results of the questions posed in the introduction. 

How do industry-standard (SM4) and low-cost (AM) 
recorders compare? 

There is no significant difference in the detection 
radius between AM and SM4 (Figure 9a, P=0.88). 
Difference in detection radius may be masked by the 
variable and poorer performance by AM across all 
distances. Examining the intercept (intercept =-0.42) and 
the general distribution of points below the 0 line, AM 
performed more poorly than SM4. Where SM4 had a 
percent capture of 96.5% for all stimuli, under the same 
conditions AM had a percent capture of 91.8% (Table 2).  

Looking at percent capture by stimuli (Table 2), AM 
had the worst capture for the most challenging stimuli 
compared to both SongMeter type devices (SC and SM4). 
It was primarily these four stimuli (10kHz tones, broadband 
white noise, western toad, and northern leopard frog) that 
contributed to AM’s overall poorer performance. 

How do more recently manufactured devices compare to older devices?  

There was a significant difference in detection radius between the SC-2007 and the SM4-2016 
(Figure 9b, P=0.0011). Most of the loss in performance is evident beyond 100m.  SC-2007 did outperform AM
-2017 slightly over all distances, and detection radius was not significantly different between SC and AM 
(Figure 9c, intercept=-0.016, slope=-0.0014, P=0.58). The latter may again be attributed to variable 
performance by AM across all distances. 

On the most challenging stimuli, SC had a slightly reduced capture compared to SM4 and a better 
capture than AM (Table 2). 

Stimuli 
A

M
1 

S
C

1 

S
M

4
1 

% Captured by 

Device 

1kHz Tone 97.3 98.6 100 

5kHz Tone 97.3 100 100 

10kHz Tone2 68.3 80.3 81.5 

Broadband White Noise2 93.0 95.8 96.9 

Western Toad2 86.6 93.0 93.8 

Northern Leopard Frog2 75.8 85.9 89.2 

Canadian Toad 97.3 100 100 

Common Nighthawk 98.9 100 100 

Bobolink 99.5 100 100 

Olive-sided Flycatcher 99.5 100 100 

Canada Warbler 96.8 100 100 

All Stimuli 91.8 95.8 96.5 

Table 2. Percent stimuli captured by each device 
on simultaneous playbacks by each stimuli type. 

Notes:  
1. Stimuli with lowest % capture by all devices in yellow.  
2. Total number playbacks per device: AM (nPB=1879), SC 
(nPB =748), SM4 (nPB =690). 

Figure 9. Paired linear regression of differences in average # stimuli captured by device by distance. Where 
slope is significant (B) it indicates a difference in detection radius, general distribution of points around zero 

line indicates which device underperforms (first device listed on y-axis if below 0, second if above 0). 

A B C 
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Are recording differences attributable to physical differences in recorder types?  

AM showed poorer performance over all distances compared to both the SM4 (Figure 9a, 
intercept = -0.42) and the SC (Figure 9c, intercept = -0.29). In this study, I cannot determine if this is due 
to microphone type or size, however I reviewed the effect of mono versus stereo recording (Figure 17) by 
examining capture by angle (Figure 10). AM is a single-microphone recorder and the tested Song Meter 
units (SC and SM4) are both two-microphone units.  

AM performed significantly poorer at extreme angles compared to SM4 (Figure 10a, slope= -0.008, 
P=0.01) or SC (Figure 10b, slope= -0.008, P=0.014). No such relationship is observed when comparing 
SC to SM4 by angle (Figure 10c, slope=0.006, P=0.16). 

Some of AM’s variable performance at close range may be due to more extreme angles at close 
range. When a regression is applied to playback distance versus angle, a significant inverse relationship is 
found (Slope= -1.62, P>0.0001). Playbacks closer to the devices were at a more severe angle to the side 
of AM’s microphone, where distant playbacks were more likely to be directly in front of the microphone. 
These testing conditions simulate AM’s capture for riparian and amphibious species calling from shoreline 
when the device is placed facing the wetland. 

Do species-specific factors have a larger effect on 
device placement than recorder performance? 

SC devices do have a smaller detection radius 
than SM4, with SC reception diverging from SM4 around 
100m. Knowing some devices have a smaller detection 
radius, I examined the relative signal radius of the stimuli. 
Using a breakpoint analysis, it is apparent where 
detections generally dropped off for each stimuli 
(Figure 11). Most stimuli had a signal radius of 250m or 
greater. Stimuli with shorter signal radii than 250m 
included: 10kHz tone, 5kHz Tone, Broadband White 
Noise, Northern Leopard Frog, and Western Toad. The 
shortest signal radii observed were comparable to SC’s 
detection radius, as detections for 10kHz tones and 
Western Toad fell off around 110-120m.  

 

Figure 10. Paired linear regression of differences in average # stimuli captured by device by angle. Where slope 
is significant (A & B) it indicates poorer performance at extreme angles. General distribution of points around 

zero line indicates which device underperforms (first device listed on y-axis if below 0, second if above 0). 

A B C 

Western Toad 
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Do species-specific factors have a larger effect on device placement than recorder performance? 
Cont. 

The ambient noise in these 
recordings comprised of urban 
anthropogenic sources like traffic, 
HVAC, etc., and some abiotic noise 
like wind. When power spectra of 
ambient noise from recordings at 
each wetland were examined, most 
of the sound energy fell within 0-
3kHz (Figure 12). This indicates the 
highest level of masking occurred 
for the amphibian species and 1kHz 
tone stimuli included in this 
playback. It is possible the highly 
tonal, and continuous output (high-
duty cycle) characteristics of 
Canadian Toad and 1kHz tone 
stimuli compensated for the 
masking noise. These 
characteristics could be particularly 
effective when ambient noise was 
intermittent or broadband. Western 
Toad and Northern Leopard Frog 
suffered reduced signal radius due 
to their shorter duration syllables 
(low-duty cycle) and broadband 
sweeps having more similarity to 
ambient noise. 

These are not tests of absolute signal radius, as I standardized the amplitude of the stimuli and tested 
under flexible field conditions. Testing demonstrates which acoustic properties, outside of amplitude, may 
indicate a species has a shorter signal radius. The stimuli with shortest signal radii in this study (10kHz tone, 
5kHz Tone, Broadband White Noise, Northern Leopard Frog, and Western Toad) can be described as high 
frequency or broadband entropic sounds, and sounds similar to ambient masking noise.  

Figure 11. Breakpoint analyses examining the distance at which 
detections of each stimulus dropped off across all devices. This 
serves as an approximate site-specific proxy for signal radius.  

Figure 12. . Power spectra 
gleaned from 10s of ambient 
noise at each site from the 
same recorder (a SM4 device). 
10s samples were chosen 
from time between playbacks, 
that contained no biotic sound 
sources (e.g. calling from 
other species) or microphone 
defects (e.g. drop-outs due to 
wind pressure). At all sites the 
highest concentration of 
background noise can be 
found between 0-3000Hz.  
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Recommendations  

General 

Results show devices currently in use have comparable 
capture with small differences (Figure 13). In comparing industry 
standard to low-cost recorders, lower cost components have 
poorer reception over all distances. This aligns with lower 
manufacturer reported SNR (Open Acoustic Devices 2020d). 
Added artificial electrical noise coupled with single-channel 
recording affects AM’s capture over the full detection radius and 
ability to overcome external masking noises. It is possible 
though not tested here, the poorer SNR observed with the AM 
recorder may be an issue across the board with micro recorders. 
Manufacturers of other affordable micro devices report relatively 
more fluctuations in sensitivity and SNR than their larger 
counterparts (Wildlife Acoustics 2021b, Peersonic 2017b).  

For researchers with older units, these tests show 
improvements in detection radius with newer ARU devices 
(SM4), however capture within SC’s detection radius is better 
than modern micro recorders (AM). Devices with multiple 
microphones performed better than single-microphone devices 
for full-radius coverage regardless of age. See 
recommendations below on improving capture by older or low-
cost, micro devices, and use-cases when higher-quality devices 
are most warranted. 

In the breakpoint analyses, it was clear that based on 
acoustic characteristics (e.g. frequency, tonality, entropy, duty 
cycle, etc.), stimuli had different signal radii. Generally, signals that 
are high frequency (e.g. 10kHz tone), highly entropic/buzzy (eg. 
broadband white noise) and signals with properties similar to 
background noise (e.g. Northern Leopard Frog, Western Toad) will 
have smaller signal radii (Figure 14). Additionally, the 5kHz tone 
had slightly poorer transmission which might be attributed to 
performing this research in open and not forested habitat (Marten & 
Marler 1977). My results align with known physical principles about 
high-frequency sound (International Organization for 
Standardization 1996), studies on signal transmission (Catchpole & 
Slater 2008, Cosens & Falls 1984, Marten & Marler 1977, Morton 
1975), and studies on masking (Catchpole & Slater 2008, Francis, 
Ortega, & Cruz 2011; Goodwin & Podos 2013). This demonstrates 
the need to consider species-specific acoustic properties in 
determining suitable devices and field protocols.  

I do not suggest that any one of these devices are best nor 
inappropriate for all bioacoustics applications, as with most 
research tools there is no panacea. Budgetary constraints, existing 
stock, availability in the practitioners’ geography, supporting 
services, ease of deployment, flexibility of programming, or a 
variety of other project-specific factors may influence choice of 
device. In examining the data, the difference between devices was 
small. The goal was to explore potential differences in recording 
devices so researchers may be aware of factors affecting program 
design and purchasing decisions. All devices examined performed 
admirably within a 100m detection radius, and all produced data 
that was acceptable for viewing in a variety of spectrogram-
generating programs (e.g. Figure 8). Next I provide advice based 
on these devices’ observed strengths and weaknesses. 

Best 

Detection  

Radius 

Reduced  

DR 

Poor SNR 

10kHz 

High Frequency Signals 

Highly Entropic Signals 

Signals with Properties Similar to 

Background Noise 

Figure 13. Visual representation of relative 
differences between devices’ relative 
detection capabilities. Depth of colour 

represents likelihood of capture. 

Figure 14. Examples of signal types that 
exacerbate detection difference 

between devices.  
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Species-specific and Habitat-specific Acoustic 

Properties 

I recommend researchers first consider their target species and the 
recording environment. Poorer capture by older or low-cost devices was 
exacerbated by environment (e.g. stimuli’s similarity to ambient noise-
Figure 15), and by species-specific acoustic characteristics (e.g. high 
frequency, high entropy, short duration). For studies on signals with 
these characteristics (e.g. intermittent amphibian calls, passerine alarm 
calls, night flight vocalizations, small mammal social calls, some 
orthoptera signals, etc.), researchers should consider higher quality 
microphones or devices. This includes multi-species surveys where 
species with sonnations like this have potential to occur. This is very 
important in situations where relative abundance is considered, ambient 

noise cannot be mitigated, or where geographic and temporal coverage cannot be improved. 

Though there is a body of literature discussing general transmission of signals through the 
environment (Morton 1975, Marten & Marler 1977, Catchpole & Slater 2008, Hardt & Benedict 2020), there is 
no definitive species-specific guide on signal radius or amplitude of signal by species. Generalized 
information can be used to make informed assumptions during device aquisition. For example, comparing 
target species’ acoustic traits in focal recording samples (e.g. Cornell Lab of Ornithology 2022, Xeno-canto 
Foundation 2022, Nafis 2021) to expected ambient masking noise (e.g. 0-3kHz broadband traffic noise) can 
be informative. 

Piña-Corvarrubias et al. (2019) describe a 
method of soundscape mapping to optimize 
device placement, effective for large 
geographies and full acoustic coverage. The 
base data and software required for this 
optimization may not be available to some 
practitioners, especially in shorter-term or low-
cost programs or where full geographic is not 
required. When uncertain of a device’s 
coverage in an environment or ability to 
capture target species perform a playback 
experiment in-situ to optimize placement, 
number of devices required, settings, or 
recording quality (MacLauren et al. 2018). 

Spatial Coverage 

For full acoustic coverage, I recommend older or micro recorders be densely distributed over the 
survey area to alleviate effects of shorter detection radius and poorer signal-to-noise, respectively (Figure 16). 
When detection radius is short, tighter placements result in fuller coverage of the area between devices. 
Increased recorder density also improves the opportunities for devices to be closer to the signaller than 
ambient noise sources, improving the signaller’s SNR available at the device to compensate for the device’s 
relatively poor SNR in the recording.  

Northern Leopard Frog 

Figure 15. Comparison of power spectra for Northern 
Leopard Frog Call and background ambient noise at 

Wetland 4 

SM4 SM4 AM AM 
SC SC 

SC SC 

Figure 16. Simplified depiction of increasing density of device array improving coverage by devices with smaller 
detection radius, and capture potential for poor SNR devices. 
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Better spatial coverage by multi-channel devices has 
been previously shown (Campbell & Francis 2011, Hobson et 
al. 2002; Rempel et al. 2005). Even high-quality 
omnidirectional microphones have blind spots behind the 
body of the microphone (see microphone directionality in 
Wildlife Acoustics 2021, and Figure 17). My examination of 
detection by angle agrees with the existing recommendations 
(Abrahams 2018, Pérez-Granados & Traba 2021): Multi-
microphone recording is most effective for omnidirectional 
coverage. Researchers may consider pairing single-channel 
devices oriented at 90-180° to improve omnidirectionality, or 
use directionality to their advantage to exclude background 
noise from outside the area of interest (Figure 17). 

Full acoustic coverage of a geographic area may not 
be necessary. There are other ecologically relevant methods 
for distribution of sampling sites like one sample per estimated 
territory size (Hardt & Benedict 2020), selecting sampling 
locations with high target species attendance (e.g. feeding 
stations, nests, colonies, roosts, etc.), or sampling a diversity 
of microhabitats within the site. When devices are isolated 
sampling stations within an ecologically relevant area, low-
cost devices may reducing cost to cover large areas. This is a 
suitable so long as the target-species and environment can be 
captured with lower SNR devices, and device type does not 
vary site-to-site (see “site-to-site comparison” below). 

Temporal coverage 

With devices that have a lower percent capture (SC, AM) improved temporal coverage may help. As 
with spatial coverage, longer recording periods improve chances of capturing clear, high SNR signals from 
target species (e.g. when ambient noise subsides or signaller is proximate to the device). Flexibility to 
increase time sampled is a unique advantage of ARU recording over human surveys, and increased sampling 
can improve occupancy modelling (Shonfield & Bayne 2017).  

Some researchers are examining the appropriate length of recording periods for optimizing capture of 
individual species using ARUs (e.g. Northern Spotted Owl, Duchac et al. 2020), though there are no 

cross-device comparisons yet. It is reasonable to assume that additional temporal coverage would be 
required for devices with lower capture rates (e.g. AM, SC). Additional research on this topic would inform 

regulation and survey rigor. 

Site-to-site comparison 

I do not recommend comparing relative abundance, presence-
absence of target species, or biodiversity site-to-site on different 
recorder types without developing a correction factor in-situ. The 
figures in this report cannot be used as a calibration tool, as 
experimental environments vary. Site-specific variables may 
exacerbate or improve the differences between the devices. Use a 
playback to test your own devices in-situ for site-specific detection 
radius and percent capture rate. 

Shonfield and Bayne (2017) recommended that researchers 
transitioning from existing stock to newer models consider pairing both 
for a transitional recording season as comparison data (Figure 18). 
This will ensure that long-term monitoring is comparable over time and 
across sensor types while allowing long-term monitoring to maintain 
the same geographic survey sites. 

1 MIC 

2 MICs 
Detected ✓ 

X Not Detected:  

Signals behind the body of 

device may be lost even 

with an “omnidirectional 

microphone” 

Figure 17. Simplified depiction of spatial 
coverage by two omnidirectional microphones 
positioned at 180 degress to each other (stereo 

recording) versus one omnidirectional 
microphone (mono recording). 

Figure 18. Image depicting AM and 
SC paired devices. 
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Summary Conclusion 

Based on this study, my primary call to researchers is to consider in order: the constraints of their target 

species’ vocal characteristics and recording environment, the relative strengths and configurations of their 

devices, and optimization of field placement with playback. There will be additional factors they will need to 

consider like battery life, maximum storage capacity, pricing, availability, user-friendliness, etc. that will be 

dictated by unique project constraints, however the above recommendations are broadly applicable. To 

continue honing practitioner protocols, next steps should include literature on cross-device comparisons for 

ultrasound, species-specific signal radius and acoustic characteristics, and appropriate temporal and spatial 

coverage to optimize capture of specific target species. 

 

Playback Design Notes 

1. Choose Playback Stimuli relevant to the study: 

If you have a target species use that species’ sonnation as a playback to test the efficacy of your device’s 

capture. If you are using ARU to capture a variety of species as in a biodiversity presence-not detected 

survey, make sure your testing playback represents the breadth of vocalization types you may encounter on 

the site. You do not need to playback every species with potential to occur within the geography of the study. 

You might consider choosing: species to represent a variety of acoustic frequency characteristics, species 

with a variety of timing characteristics, species with a variety of modulation within their signal, species with 

particularly unique characteristics, species that represents a class of vocalization similar to many species (e.g. 

American Robin to represent low-frequency modulated whistles of many forest passerines), species with 

characteristics similar to know ambient noise on site (e.g. 0-3kHz signals in areas with anthropogenic noise). 

and species of conservation concern or specific interest to the study. Though it is scant, review any literature 

indicating call amplitude of local species to help standardize playback amplitude. 

2. Pre-plan recording site location and settings to the best of your abilities: 

Prior to deploying your device for testing, review existing literature for sampling procedures and the device-

specific user manual for advice on set-up. Where uncertain, start with manufacturer’s default settings then 

adjust based on your testing results. Ensure you are selecting good sampling locations that are ecologically 

relevant and will have few ambient noise disruptions to compete with. Consider the terrain and how noise 

sources, physical barriers, or topography will affect your coverage and optimal placement.  

3. Ensure your playback equipment is appropriate for testing, and protect your hearing: 

Is your speaker capable of reproducing the frequencies within the playback stimuli you are testing? Check the 

frequency response metrics from the manufacturer and consider going with a wildlife caller that is designed to 

output a reasonably high amplitude over smaller low-amplitude portable speakers. If you are reproducing high 

amplitude sounds(>75 dB), use amplitude-reducing or noise-cancelling hearing protection. Your audition is 

vital to the analysis of your study and your contribution to the scientific community, protect it. 

4. Structure your playback locations to attain relevant coverage information for your survey: 

For this survey, our area of interest was the wetland habitats where we placed our ARUs, therefore we 

surveyed regular intervals around these sites. If you are more interested in 360 ֯ coverage of the area around 

your device (e.g. device is placed in an open field for presence-not detected survey), consider playbacks in 

transects along the cardinal directions (north, east, south, west). Space your surveys 25-50m apart. If you 

need better spatial resolution include more transects along other angles (e.g. north-west, east-south-east, 15֯-

30֯-45֯, etc.) and closer spacing between points along the transect (e.g. 10m increments). 
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Data Accessibility Statement: 

Data is available through KNB portal: Tyne Baker. 2018. Field-based Testing of Sound Reception by 
Autonomous Recording Units- AudioMoth, SongMeter4, and SoundCache.   

For access to raw audio files please contact info@avianeco.com.  

Thank you! 

5. Avoid behavioral manipulations and disturbance where possible: 

Be vigilant in timing your testing so it will not cause undue stress to local wildlife or human residents. Consider 

testing reception outside of the relevant activity season, or within hours that will not disturb local human 

residents. However, you will also need to ensure you have appropriately similar vegetation, weather, ambient 

noise conditions to your recording period for an effective test. For example, if you are playing back a nocturnal 

summer breeding call at a high amplitude consider testing during the evening instead of at night, outside 

breeding season (spring or fall) in similar vegetative conditions to avoid aggressive response. Ensure you 

acquire all relevant land permissions and permitting from municipal, provincial/state, or federal/park 

authorities as required for playback surveys, sound capture, or noise-producing activities. 

6. Review recordings with qualitative and quantitative measure: 

In this report, the trends in capture difference were not necessarily apparent upon reviewing a handful of 

spectrograms visually for qualitative differences. It can be helpful to quantitatively compare capture between 

devices or sites to understand which site characteristics, device types, or placements perform relatively poorly 

or well. That said, reviewing spectrograms qualitatively on playback recordings can help adjust settings in-

situ, to improve the readability of spectrograms for analysis. For example, if you review a spectrogram and 

notice some playbacks performed close to the device appear as solid black unreadable noise blocks, and the 

ambient noise in the background appears a dark-grey, you may need to reduce your gain settings for 

improved readability. 

https://knb.ecoinformatics.org/view/urn%3Auuid%3Af34a4efb-5a69-45fd-b105-549c4d7deb26
https://knb.ecoinformatics.org/view/urn%3Auuid%3Af34a4efb-5a69-45fd-b105-549c4d7deb26
mailto:tyne.baker@avianeco.com?subject=Raw%20Audio%20Files%20from%20AM/SM%20Device%20Testing
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